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A N£W AUTOMATIC ANALOG VOLTOHMMETER 

READS IN A FRACTION OF A SECOND; SEE P. 2 

RECORDING RECURRENT PULSES BURIED IN 

NOISE; SEE P. 6-8 
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A PRECISION ANALOG VOLTOHMMETER 
WITH AUTOMATIC RANGING 

An automatic analog voltohmmeter simplifies dc voltage 
and resistance measurements and gives higher meas- 
urement accuracy and speed than is usually obtained. 



r\t iomvik; range and polarity selec- 
lion is a valued feature o£ must digital 
voltmeters that has long been recog- 
nized as a distinct advantage to the 
user. The "tout h-and-t cad" conven- 
ience ol automatic ranging speeds up 
measurements on production lines, in 
point-to-point troubleshooting, in data 
taking, or in any test procedure that 
involves potentials of wideh ranging 
magnitudes and differing polarities. 

I In ( convenience nl automatic range 
and polarity selection has ii'iu been 
coupled with the lowei cost of a meter 
readout in a new analog-type instru- 
ment designed for both d< voltage and 
resistance measurements. The new an- 
ion ta tit voltohmmeter selet is the prop- 
ei measurement range in less than 300 
milliseconds after contact is made to 
tht- measured i in nil <>i component, A 
lighted tlisphn above the meter shows 
the automatically-selected range, die 
units ol measurement and, iti the case 
of voltages, the polarity of the input. 
The instrument up-ranges immediate^ 
ly to a less sensitive range when i!c 
measured quantit) exceeds 95% of full 
scale, and it down-ranges at 2B* i p) lull 
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Fia. 1. Accuracy of analog meters 
as a function of meter deflect inn. 
Wh en in c ter deflection is less than 
100% of full scale, -hp- Model 
4 14 A Automlt meter specificat ion 
of ±Vg% of full scale ±14% of 
read} tig is mare accurate than 
1% of full scale specification. 
Improvement over 2% specifica- 
tion h correspondingly greater. 



SO 
METER INDICATION l* OF FULL SCALE! 



irio 



at full stale, the "half-and-hair spet i shunting resisioi technique, described 

fit at ion is more accurate for readings later. The minimum readable input 

below full scale, as shown in Fig, I. voltage is 0*05 mV and ihe minimum 

Che accuraq ol resistance readings resistance reading is &05 ohm. Since 

is ±rl% of reading ±W& of full scale, the vokmetei and ohmmetei Functions 

hi accuracy considerably higher than use the Name lineai scales, the meter 

stale. Both range-* hanging and meter thai normally expected of an analog needs tmlv two scales, one ranging 
response are vet) fast, requiring no voltohmmeter. Lead resistance has from© to Sand the other from to 15. 
waiting on the pan ol the operator been eliminated as a source of measure- 
even for the longest-duration range mem errors h\ use of a "1-terminai" 
change. probe arrangement bee Fig. ft). The 
In addition to the convenience pro- ohmmetei mode uses linear meter 
vided by autotuain rangi and poIaH'tj scales which do noi have scale corapres- 



Separate probes are proi uled for the 
ohmmetei and volrmeier funt tions r 
The input resistance ol the instrument 
as a voltmeter is 100 megohms on all 
ranges except [or the two most sens! 



selection the new instrument, the -hp- sion, and consequent l<»s^ oi accuracy tive ranges (5- and 15-mV), in which 



Model II 1 \ Auiovolimeier. was de- 
signed io have the quality and accu- 
racy needed to plate it in the category 
of precision instruments. Because of 
the individually-calibrated, taut-hand 
meter thai is used, measurement uncer- 
tainties \*ic held io less than ±143! oi 
reading ±iA% ol lull scale, ,« specifica- 
tion that departs from traditional ana- 
log voltmeter spei ihVaiion practice. Al- 
though equal to a Spe< ideation ol ± 1*55 



and resolution, ai either end oi the 

stale as is die case in more conven- 
tional olmimeierv The Use ol lineai 

ohmmcirr scales was math possible b) 
a constant-current drive technique. 

The new Autovolt meter has 12 volt- 
meter ranges, with sensitivities from 
5 mV full scale to 1500 volts lull scale, 
,\m\ 12 ohmmetei ranges from 5 ohms 
to L5 megohms lull scale. Higher val- 
ues ol resistance ma \ be measured b\ a 



case it is 10 megohms. The instru- 
ment's signal ground is isolated from 
the chassis, permitting measurements 
on voltage sources referenced up to 500 
volts ort ground, The injection of 
power line ac from the Auiovohineu-i 
hack into the t in uit undei test, a fre- 
quently-overlooked characteristii ol 
floated measuring instruments, is held 
to less than I mV rms b\ the use ol a 
shielded power transformer, 
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I iu 2. New -hp- Model 114 A Autocoltnn ter switches tt> correct range in 
less than {^ second after contact is modi . Illuminated display shoWB 
range ami selected function f colts or ohms). Mirror-backed, tout hand 
meter has indiridiiully- calibrated scales for high accuracy. Separate 
probe* on l-ft. tables fire provided for voltmeter and uhmmettr functions. 



AUTORANGING METERS 
I he combination oJ automatic range 
and polarity selection wiih a pointer- 
type meter has several operational ad- 
vantages, in addition to the <cm adv.m 
tage already eked. With automatic 
ranging, no prior knowledge ol the 
voltage a i a point in a tin uk i*. re- 
quired. Time consuming trial and 
error procedures thai approach the 
final reading Erom a less sensitive range 
are not necessary nor is there any wait- 
ing lor the voltmeter to ret over from 
an accidental overload. 

I he meter readout itself is advan 
tageous in certain situations, Mich as 
tho.su thai depend on a sense ol direc- 
tion in the measurement. Adjustment 
ul a circuit lor j maximum or mini- 
mum indication is more easily per- 
formed while watching a moving 
pointer than it is with a numerical dis- 
play. Likewise, adjustments within a 
certain tolerance are more easih nude 
h\ bringing a pointer within indicated 
limits* 

(.in uit adjustments that require the 
monitoring oi a voltage that spans sev- 
eral vnhmcui ranges are speeded up 
In the self-acting characteristics ol the 
Antovohmetei. In examining the per- 
formance of transistor switching <ir- 
mils, lot example, the saturation and 
, in oil voltages ma) he read in qui* k 
sm cession as the < in uit undei test is 
triggered from one state to the other. 
This capabilit) is further enhanced h) 
the ability of the Autovoltmeui to be 



lioated up to 600V above power line 
ground. 

When there is a requirement foi cir- 
t uit adjustments that bring the indii a- 
tion to /cm, both automatic ranging 
and polarity selec tion simplify tin u>k 
Gross overcorrections do noi result in 
an overloaded meter. Overshoot in the 
adjustment merely changes tire polar- 
ity indicator—the meter ttsell nevei 
l iclow zero. 

FIXED RANGES 

A hold switch is provided which, 
when engaged, disables the a mora Tid- 
ing so that any particular range may 
he used over the full extern ot meter 
deflection (automatic polarity indka- 
tion continues to function, however). 
I fit range can be changed by a front- 
panel push-button thai steps the lang- 
ing circuits one by one in a more sensi- 
tive direction each time the button is 
pressed (or to the highest range if the 
instrument is a heads on the lowest 
range}. 

The instrument protects itselt Erom 
large overvoltages in the hold mode 
In switching iniuudiateh to the high- 
est voltage range (1500V) in the event 
that the input voltage exceeds I ]u\ oi 
the range being held, it is thus impos- 
sible to overload or damage the Auto- 
vohmcter with the voltages normal!) 
encountered in laboratory or produc- 
tion-line work. I fie -ell protective up 
ranging i% neithei required nor pro- 
vided, oi icniise, loi the ohmmetei 
function. 




Fig. 3. Speed tif response of new Aa tonal t- 
meter is shown by film strips photo 
graphed at 16 frames per second. In strip 
at left, input roll age is changed from + /-/ 
volts to — ISA rofts following font frame at 
top of strip. Range Change, which ret/ u ires 
uprange to 1500V and bach down to &QV 
range, in completed by 3rd frame (polarity 
change requires no switching other than 
front panel polarity indieatorL Meter 
pointer stabilizes on new reading by 10th 
f ra m e . St ri p a t r igh t sh ou S re spo n s i spi i ( i 
of meter without range change. Following 
2nd frame, voltage is switched from + I4V 
to + 29.5V. Meier settles on new value by 
9th frame, less than one -half second fol- 
iowing colt age change. 
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I?ig. 4. Bfock diagram of -hp- Mode! 414A Autot oft meter oper- effected by switching value of resistor Rl m in addition to two 
ating in voltmeter mode. Feedback amplifier nulls input collage state input attenuator. R2 is also switched to maintain same full 
F - with voltage A., across resistor Rl. Range changing is stale voltage for amplitude tomparators regardless ol range. 



The HOLD mode is also u so In J for 
measurements on noisv signals be- 
cause additional input capacitance is 
switched in when the instrument is 
placed in the hold mode. The added 
< apa< itan< c provides filtering which at* 
ten nates 60-c s signals by more than 30 
dB (the S-dB point is ai 1.6 c s). The 
instrument in the noi.it mode is thus 
insensitive to 6(k s sinusoids ol peak 
values up to 7 times the lull scale de- 
fection ol the range in use, superim- 
posed on the d< 

I hi' capacitance is removed in the 
ai to mode to permit the fast response 
required [or amounting. Neverthe- 
less, superimposed 60* s a< oi peak 



values up to 205 oi the dt being meas 
ured is tolerated in t Fie auto mode 
without creating any interference with 
the autoranging sense circuitry. 

AUTORANGING OHMMETER 
As an ohnimcter, the Autovoli meter 
supplies an internaHy-generated eon 
statu curreni to the unknown resist- 
ance and the meter circuit reads the 
resulting voltage drop. The current is 
onh I microampere on the 5 k-ohm and 
highei ranges, and n is I miUiampere 
on the ranges below 5 k ohm. In ton 
trasi with other ohmmeters th.it supply 
1(1 oi more mA under short-i ircuit i On- 
diiions, the Atnovolimetei ciirrcni 
never exceeds 1 mA, thereby assuring 
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Fig. 5. Blot k diagram of AutotoU meter input circuits when $u itch* d to 
okmmeter made. Plus- 1 amplifier boot strops Reference Voltage Supply 
to maintain constant cottage drop across -istor /?*. Ohm- 

meter cahles arc arranged for '4-tcrminal" resistance measurement. 



thai sensitive devices are not harmed 
by the olmunetcr. 

Either current may be selected by 
plat ing the Auto volt me tor in the hold 
mode and stepping the ranging t ircuits 
to the appropriate ?ange. This tech- 
nique is useful for checking semicon- 
ductor junction resistances, loi in- 
stance, at two d liferent operating 
[joints. To do this, the Auto vol (meter 
is placed in the ai to mode Ik- tote the 
component is connected, so th,u ii 
switches automatical]; to ihe highest 
range. The instrument is then [dated 
in the hoi.i> mode, the component is 
(oiuirt ltd. nid the DOWNRANCE button 

is pressed repeatedly until the metei 

reads on-seale, usualU on the (00k 
range. Only l^A is thus supplied to the 
tested component. The reading is re- 
corded and the button is pressed again 
until the meter reads on scale once 
more, usually on the 100-Q range Now 
the current is 1 mA. The second junc- 
tion resistance operating point is t Ims 
measured and can be recorded. 

Tests of very high values ol resist- 
ance, such as leakage 1 resistance, can be 
made with the new voltmetei !»\ paral- 
leling a lowei value resistant e with the 
unknown, The scale indication of a 
L-megohm resistor, \'*\ example, is 
i h inged by half a scale division when a 
lOO-megohm resistance is connected in 
parallel with it. iA hall scale division 
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AUTOVOLTMETER 
DESIGN LEADERS 




Pig. 6. New autoranging de 

tfoltoh ni meter mitorn u t ietd- 

iy changes measurement 
range whenever meter indi* 
cation exceed 95% of full 
st a!*- or drops he loir 25% 
of full scale. Autoranging 
speeds m east* re m en 1 g i n 
applications such us with 
g t a n ce b ri dg*. • ehou n 
here, m whieh tine instru- 
ment serves us null tietee 

tnr. Voltmeter switches 
ranges as required while 
bridge is brought to bal- 
ance, thus avoiding over- 
loading or pegging below 
zero. 



on 1 1 u- 1.5 megohm range corresponds 
to a i hange oJ In kilnhms in the resist- 
iimc being pleasured.) Lowei value re* 
sistances provide correspondingly 
greatej changes in pointer deflection, 
This measuring capabilityj which ef- 
fective!) extends ihr ohms measuring 
range, is an example ol the advantages 
offered b\ I hi rrsoluiioii i>J ihr line;u 

U Msl.UH t sc il Its. 

CIRCUIT OPERATION 

A block diagram c»f the new instru 
mem f>per;iiing in t lit- voltmeter mode 
is shown in li^ I Voltage inputs are 
coupled n> ihe meiei circuit I j\ (he 
chopper-stabilized DC Vmplifier. Sen- 
sitivity is determined In the overall 
transcend ucta nee o] the amplifier, as 
controlled by resistor RI in the main 
feedback network, and l>\ the input 
voltage attenuator. The input attenua- 
te] is inserted automatically on the 
I5-V .mil higher ranges i<» reduce the 
input by Ml dR bul it is bypassed on 
the towei ranges. The feedback net- 
noi k is switched to control the gain in 
lO-db 1 sieps from to r >i) dB which, in 
combination with the- input attenua- 
tor, achieves the { > to 1 10 <1B measure- 
ment ran 

I he measurement range is sei hy a 
logic swi-m which senses the states ol 

fput Hip Mops in tin- bman i muiU'i 
and which operates reed s\\ in lies in 
the attenuator, feedback, and display 
circuits accordingly. Flange changing 
decisions are pet formed bj two voltage 
comparator circuits, When the metei 
1 1 ads below 2VY pi hill s« ale. ihc 
down-range comparator allows the 



SPECIFICATIONS 
-hp- MODEL 414A 
AUTOVOLTMETER 

DC VOLTMETER 

VOLTAGE RANGE: ■ h mV to 1500 V full 
scale in 1? ranges i manual or auto ranging.!. 

ACCURACY; 5% of reading 5 % of full 
scale. 

INPUT RESISTANCE: 100 megohms on 50 mV 
range and above; 10 megohms on 5- and 
15-mV ranges. 

SUPERIMPOSED AC REJECTION: In manual 
mode, insensittve to 60 q/s SJgnal with peak 
vafue Iess than 7 times full scale dc level 
of range in use In auto mode, insensitive 
to 60 p/l signal with peak value less than 
20% of dc bemg measured. 

OHMMETER 
RESISTANCE RANGE: 5 nhms to 1.5 megohms 

In 12 ranges (manual or auto-rangjngj 
ACCURACY: 1 „ of reading 0.5% of full 

scale. 
SOURCE CURRENT: 1 mA up to 5 k ohms; 

above 5 k ohms, 1 jiA. 

GENERAL 

AUTOMATIC RANGE SELECTION: Autgmatj 
calty selects correct voltage or resistance 
range m less than 300 milliseconds 

MANUAL RANGE SELECTION: Downranges 
one range each time Downrange button is 
pressed. Starts over at 1500 volts from 
5-mV range. 

POLARITY SELECTION: Automatic In either 
Manual or Auto made. 

METER: Individually calibrated taut band 
meter with mirror ^cale. Linear scales, to 
5 and to 15 

ISOLATION RESISTANCE: At least 100 meg- 
ohms shunted by 0.1 ^F between common 
terminal and case i power line ground). 

FLOATING INPUT: May be operated up to 500 
Vdc above ground. 

POWER: 115 or 230 volts '10%, 50 to 1000 
c/s. Approx. IS watts. 

SIZE: 7 1 * in (196 9 mm) wide by 6ft in. 
(155,6 mm) high by 11 In, (279.4 mml deep 

WEIGHT: Net: 10 1 * lbs (4,6 kg) Shipping 13 
lbs (6,4 kg). 

PRICE: $650.00 

Prices f.o.b. factory 
Data subject to change without notice 



free running multivibratoi to step the 
btnai \ i ounter at a lo< s rate. Ea< h 
time that the binary « ountei is stepped, 
th< logi< system switches the attenu- 
ators to the next range in the toon ^ n 
skive direction, Downranging contin 
ties until the metei reads fat enough 
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upscale or until the most sensitive 
range is reac hed. 

If a voltage exceeding 95% oi lull 
M.ih \s applied to ihv input, the u|> 
range comparator fires a trigger Hn'iiii 
that resets the counter for the highesl 
range. II at ihis nine the metei deflec- 
tion is less than 25% ot lull stale, the 
muh ivi bra toi steps the countei tosm 
cessivel) m«ue sensitive ranges until 
i he metei reads upscale tm i-nm^-h u* 
sh>|> the down ranging* 

The polarity convertei passes |)r«si 
live voltages hut inverts negative \**h 
tages. The amplitude comparators 
therefore always work with positive 

: tinned on Pttge $) 
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A SIMPLE METHOD FOR RECORDING FAST 
AND LOW-LEVEL WAVEFORMS 

A recently-developed oscilloscope plug-in unit makes fast, convenient 
records of displayed signals and greatly reduces accompanying noise. 



1H£ sampling technique is usual!) 
thought n| as ;i lerhnnpte lor display- 
big repetitive waveforms whi< h are too 
high in frequency for conventional os 
cilloscopes [Ins technique may, bow- 
ever, also l>e used to slOVi fasi wave 
forms so thai the} can lx- permanent!') 
recorded on a paper-strip-chari re- 
corder, thereby giving advantages in 
cosi and < orivenience, 

I fu sampling technique is used in 
.1 recently-develbped recdrdei plug-in 




Fig, 1, -hp- Model 1784A Recorder Plug- 

In (lower left of panel) used ttith Model 

1 75 A 5i hMc/a Ost ■ i lto$i -c >pe . 



which operates with the wide*band 

-hp- 175A Oscilloscope. The recordei 
plug-in is a cam bin at ion tl i^ | *I^i \ scan 
uer, simpler, and snip thin recordea 
in .i single unit, lis purpose is to per- 
nianently retold on paper the wave- 

tuiiiL seen <>n the oscilloscope cathode- 
ia\ tube. 1 vim though the displayed 
signal b< fai in excess oj the ."»"» -i S "i 
so capability oi the strip^ehan re- 
corder, the recording can be made so 
long as ilu u avefo) m is repetitive. Rei 
ords can l>< made o| waveforms up to 
30 Mt s in a Mi nil oi j minute ai a I nun 
I 20 the cost of photograph i< records. 

NOISE-FREE RECORDING 

In addition to the east and low cost 
d it* recordings, ihe recorder plug-in 
permits making many measurements 
[hat heretofore were urv difficult il 
not impossible* Since, for example, the 
SO \b s bandwidth oi the recording 
s\stem prevails onh Eoj repetitive and 
non-varying signals, the recordei has 
link a 35 < .s bandwidth for signals not 




Fig. 1 -h f y- Model I784A Recorder Phi* 
In, Instrument makes permanent records 
of recurrent waveforms displayed on scope 
cri ut a few seconds at a cost of about 1% 
vents iiieh. 

in synchronism with the oscilloscope 
sweep. This Ilk lor permits recording 
low-level signals clearly even in the 
preset i ere noisi . 

Sui h a reduced-noise recording is 
shown in Fig, 5, By comparing the en 
display in Fig. 5(a) with the recording 
in Fig. 5(b), the ability ol the plug-in 
to reject noise is clearly demonstrated. 



AUTOVOLTMETER 

(Continued from Pa fie 5) 

voltages regardless oi input polarity. 
The diodes in the inetei circuil ait is 

swin hes to < a use the meter to read up- 
scale wiih eithei input polarit) while 
ihe polarity detector serves only to 
m in fi on r I it- proper indii atoi 

When the instrument is switched to 
not it, the stepping irmhk [orator is dis- 
abled, rriggei pukes for stepping the 
counter are then generated bv the 
1 1 on t -panel push-button. At the same 
time, the triggering level of the up- 
range comparator is raised so that a 
voltage oi I H» r . ol lull scale is required 
to generate the uprange signal. 

1 he amplifier consists oi two sec- 
tions: the low-drill chopper amplifier 
section, which usis a pliotMi oiuluc tin 
chopper, and a wideband direct-cou- 
pled section. Am pi i lie i and component 



drifts ale of such low order that no 
front-panel zero-set control is needed 
or provided. A lapai itor bypasses high- 
frequency signal components around 
the chopper amplifier, thus enabling 
the fast transient response required lor 
last automatic ranging* 

Overload recovery times are made 
\n\ short with respect to ranging time 
bj including breakdown diodes in a 
second Feedback path. Under overload 
conditions, the breakdown voltage of 
Miie or the other of the diodes (de- 
pending on signal polarity) is (\ 
ceeded, effectively limiting the poten- 
tial rise at the amplifier input 

OHMMETER CIRCUITS 

in the ohmmeter mode, the input 
circuits are switched to read the wnlt- 

age at the ohmmeter piobc, ;is shown 
in Fig 5. The current to the unknown 



resistor is supplied b\ the reference 
voltage through series resistor R R . The 
reference is boot- strapped by the +1 
Amplifier, however, so that the c ur- 
ic ut through the unknown resistor is 
constant, T he voltage drop across the 
unknown jesisior is thus a linear I unc- 
tion ol the unknown resistance, and 
linear meter stales inav be used 

The ohmmeter ranges are selened 
bv changing the gain ol the amplifier. 
lis in the volt meter mode, and b\ 
■ hanging series resisioi R K Series re- 
sistor R H can have either ol two ohmii 
values. On ihe 5-ohm to la k-ohm 
ranges, the resistor is >iu h as io supply 
I mA to the unknown. On die 3 k-ohm 
and higher ranges, a resistor 1000 times 
larger is switched in. thus allowing 
only I itA to flow. 

I he constant current lor the un- 
known resistor is carried through both 
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Fig. 3, instrumental inn setup for recording pul&en as smalt as a 

few microvolts. Model 4$1A or 462A Amplifier each provide up 

to 40 dB gain at band widths well beyond scope range. 

Fitf. 4, Basic arrange men t &j Model T784A Recorder. Scanning 
potentiometer provides voltage proportional tit position of chart 
paper. This voltage is compared with the via in sweep voltage 
from scope. When these coincide, a sampling cycle is initiated 
in sampler. A single short sample 7 nscc in duration is then 
taken and stored in stretcher until next sample is taken during 
fallowing sweep. The galvanometer mores heated stylus to a 
point on chart corresponding to average dc level of sign at dur- 
ing sampling time. Galvanometer acts as integrator tt§ sntOOth 
samples into eontwuaus waveforms and greatly reduce noise 
(Figs. 6 and 7). 
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I he input signal is a &mV pulse with 
2 mV <»l superimposed noise —a signal- 
to-notse ratio of dB. Although the 

pulse is visible on the eri p the detail is 
obscured by noise. Ju the innntn^, 
however, the noise is eliminated and 
die wawlurm is clean. H is obvious 
that wideband perfonname ran be 



tfac "ohms" and "loinmon" pioln 

cables on conductors that are separate 
from those thai carry thg voltage meat- 

uiemeiu bat k E0 ihe instrument. The 

voltmeter circuits thus read the IK 
drop in ihe unknown resistance di- 
reulv, and the resistance of the <ui- 
reni-i -ii i vinsj wins is removed as i 

t.H imi in ihe measurement. 

ACKNOWLEDGMENT 

The design and development ol ilie 

-hp- Mcidel II 1 \ VuiuvnlttiieLer was 
I .11 i ied OW1 at the Hewlen \\n kai d 

Lowland Division under the project 
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uct development was the responsibility 

of }en\ Win/ and circuit design and 
develop ni cm was performed by the 
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achieved even with S \ ratios worse 
than dB and that wide-band analyses 
can be made of signals much smaller 
than a millivolt, I his is demonstrated 
next. 

The recording in Fig. 5 was made 
without externa] amplification at an 
oscilloscope sensitivity ol I m\ cm 
Ihe overall sensitivity ol this measur- 
ing system can, however, be substan- 
tially increased using an external am- 
plifier (Fig, &). Ihe oscillogram and 
record of Fig. i\ show the ability ol the 
system oJ Fig, 8 to resolve low-level 
signals at an overall sensitivity of 50 
\ . in. On the nt the input signal is 
combined with about 200 uV of noise 



-ihle trace whit h T by lompai ison, is still 
dear on the recorder. The ltd A Jiil'A 
Amplifier used in this setup provides 
M) dB of gain over ba ml widths greater 
than 100 M. v 

Fig;. 7 is an impressive indication ol 
how much sensitivity and noise i lean- 
up is possible with this measuring 
setup. Here the oscilloscope and the 
extern. tl amplifier achieve an overall 
sensitivity of 5 ^V/cml The original 
signal consists ol" a b-^V pulse in the 
presence ol 50 p\ of noise, a S N ratio 
of — 18 dB, Although thecri gives only 
a faint impression that a signal is even 
present, the recording is a clearly*vis 
iblc signal with a S N ratio ol ~|~I2dB. 



and produces an almost tinrecogniz- Effective noise referred to the system 




h h h h 

J i^ M 'v- i~ 
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Fiji. 5. fa) Oscillogram comparing display of noisy signal with Recorder 

record (h) in Which noise is eliminated. Sweep spec ft is 2 psec/cm; scope 

sensitivity is I mvfcm, Pulse is 2 mV with 2 mV of noise. 
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Fig. 6. fa) Oscillogram of signal with considerably more noise than Fig. 

5 compami uith record (hK No noise is yet apparent in record. Scope 

sensitivity is 50 pVfcm. Sweep speed is 2 usee /cm. 
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Fig, 7. fa) Oscillogram in ichivh signal is almost completely masked by 
noise compared with resulting Recorder record (h) t Ore rail sensitivity 
is 5 p-Y/tm* Signal is a &#V pulse with 50 t*V of noise. Noise improve- 
ment is about 30 dB. Sweep speed is 200 usee /em. 




inpul i> ©illy \\i n.V over a bandwidth 
< »i .1 bom I S Mc ■'*. 

REPETITION RATE 

Because at the nature dl the rath* 
ni(|u(\ the observed noise on the re* 
cording will GorrespondiogJy increase 
is signal repetition rate decreases. \i 
;i repetition rateol I k< s. ten example, 
the observed noise will be dosei to 5 
/( V. Siwv observed noise is directly ile 
pendent upon tin- frequency response 
ol the recording system, ;« recordei 
with lowei Erequeiic) response and ;i 
longer scanning time may be used wiih 
even more favorable results when the 
signaJ repetition rate \s low. In place 
nt the 17S4A Recorder Plug-in* hu e\- 
arople, the 17S2A Dtspla) Scanner 
Plug-in m;*y he used in the L7SA Oscil* 
lost ope. When tlsis, plug-in ts used with 
i Mosele) \V Recorder, over a Ifl 
nines im|ijovemeut in S N ratio <an 
he obtained in the Final recording, 
Also, the -Jjp- liifiA Aniplifier rna\ be 
used in (date ol the IMA '462A to pro 
vide the same 5-pY division sensitivity 
ovei a l< ssti tj.iutlwultli. 
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SPECIFICATIONS 

-hp- MODEL 1784 A RECORDER 

i In 175A Oscilletcopel 

BANDWIDTH: DC to greater than 30 Mc/s 

when installed (with 3 plug-in having 40 

Me s or greater bandwidth. 

RECORDING CYCLE TIME: Approximately 20 

seconds. 
ACCURACY OF RECORDING: Recording dupli- 
cates CRT display with better than i% ac 
curacy 
WRITING HATE: Waveforms with slopes of at 
least 50: J can be recorded with a continue 
ou& fine. 
REPETITION RATE: Signal rep rates of 60 dps 
Or greater and sweep speeds faster than 
2 ms/cm are required i Usable below these 
limits* but with progressively greater r\\'* 
tortrrjn m the form of small steps on the 
plot.) 
PRICE: Model 17S4A. I775.0D. 

Pnces f.o.b. factory 
Data subject to change without notice 
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Don Braidwood jomed Hewlett-Pack- 
ard in November, 1963, and began work^ 
ing on the 1784A Oscilloscope Recorder. 
Prior to that time, he had been engaged 
for several years in the development of 
geophysical measuring and recording 
instrumentation. 

He holds a Bachelor's degree in Elec* 
trical Engineering from Georgia Tech H 
and an M.S.E.E. degree from the Univer 
sity of Missouri, where he was also a 
part time Instructor in the Electrical En- 
gineering Department. 

Don served for two years in the U. S. 
Army with a missile electronics group 
and has also had summer employment 
with the U, S. Naval Ordnance Test 
Station. 

AI Henshaw joined Hewlett Packard in 
1960 as a tool engineer. He transferred 
to the Colorado Springs Division in 1963 
as mechanical designer on the I7B4A. 

Prior to joining — hp— , he worked in 
England and Canada as mechanical de 
signer on gas turbines, jet engines and 
telecommunication manufacturing fa- 
cilities. 

AI earned a degree from Royal Tech. 
College in Glasgow, Scotland. 

Keith McMahan came to Hewlett- 
Packard at Colorado Springs in 1964 and 
was assigned initially as product de- 
signer on the 1784A recorder project. 

Following graduation from Rensselaer 
Polytechnic Institute in 1955 with a 
B.M.E. degree, Keith served 2 years as 
an officer in the U. S. Navy. The suc> 
ceeding three years were spent doing re- 
search on digital tape recorder systems 
and attending New York University, 
where he obtained hps MS degree in 
1960. He was elected to membership in 
Pi Tau Sigma and Tau Beta Pi while at 
tending R.PJ. 

Prior to joining -hp— , Keith worked 
more than three years as project engi- 
neer on the data acquisition and anal* 
ysis portion of a passive reconnaissance 
system for the U. S, Air Force. 
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